Introduction
Founded in 1901, the National Institute of Standards and Technology (NIST) is a non-regulatory federal agency within the U.S. Department of Commerce (Cochrane, 1966; Schooley, 2000) . NIST's mission is to promote U.S. innovation and industrial competitiveness by advancing measurement science, standards, and technology in ways that enhance economic security and improve quality of life. The work at NIST has traditionally been carried out by physicists, chemists, and engineers in areas including the design of measurement methods, the development of new technology with increased measurement capabilities, the delivery of calibration services, the accreditation of testing and calibration laboratories, and the production of standard reference materials (SRMs).
Over the past years, technological advances in imaging technology, molecular biology, and statistical tools have enabled quantitative measurements of biological materials. NIST has readily embraced the application of physical science and engineering techniques to the discipline of biology, providing an opportunity for many NIST staff to work with biological materials, while establishing a need for biological safety protocols in many NIST laboratories, and changing the perspective on how NIST staff view hazards. For example, most physical scientists primarily encounter chemical hazards (e.g., hydrochloric acid, methylene chloride) and/or physical hazards (e.g., high voltage, extreme temperatures) in the laboratory that pose potentially acute threats and require specific protocols and personal protective equipment (PPE) for user protection. On the other hand, biologists and microbiologists typically encounter biological hazards (e.g., bacteria, viruses, and fungi) that can cause not only acute infections, but also chronic infections that have potentially long incubation periods (ranging from months to years) and that often cannot be traced back to a specific source (Harding & Byers, 2006) .
Prior to 2008, NIST's safety focus was on protecting physical and chemical scientists, but the growing application of biological sciences at NIST has been accompanied by a surging need to improve protection for biological scientists. In recent years, the number of Biosafety Level 2 (BSL-2) laboratories has increased at NIST. Examples of current research areas in NIST BSL-2 labs include the use of toxins and simulants for microbes of potential terrorist use, such as Bacillus anthracis Sterne strain; the use of human cell lines for the development of reference materials for cell scaffolding; the measurement of inorganic and organic analytes such as vitamins and metabolites in human serum for clinical SRMs; the use of human tissue for development of hyperspectral imaging systems; the surface characterization of biomaterials; and the development of algorithms for tracking changes in cell populations over time. NIST does not engage in BSL-3 research or research with animals and due to the close collaboration with the National Institutes of Health and other laboratories, the use of facilities above BSL-2 is not envisioned.
The move towards an increasing number of experiments with biological materials resulted in an increase of interest from concerned NIST staff and an acknowledged need for an expanded biological safety program, which had been essentially unchanged since 1993. The primary components of the old biological safety program were detailed in the internal NIST laboratory safety manual as Health and Safety Instruction (HSI) number 19 (NIST, 1993) , which included a registration process for all biological materials in use at NIST. However, HSI 19 was essentially an abbreviated version of the Occupational Safety and Health Administration (OSHA) Bloodborne Pathogens standard (U.S. Department of Labor, 1991) that contained limited laboratory safety criteria references originating from the first edition of the Biosafety in Microbiological and Biomedical Laboratories (BMBL) guidelines (Department of Health and Human Services, 1984) . Furthermore, HSI 19 lacked requirements for formal biosafety training components.
The Formalization of a Biological Safety Program at the National Institute of Standards and Technology The Formalization Process
In 2008, a group of NIST chemists, engineers, physicists, biologists, and microbiologists who were involved in biological research met to discuss the biological safety practices across the organization. Even though most members of the group had no formal biological safety program development training, all members agreed that the biological safety procedures, policies, and training needed to be standardized across NIST, and that compliance with existing biological safety regulations and guidelines such as the OSHA Bloodborne Pathogens Standard (U.S. Department of Labor, 1991) and the BMBL (DHHS, 2009), respectively, should be met in all applicable NIST laboratories. The "Biosafety Working Group" (BWG) began meeting monthly to discuss specific topics including the definition and classification of biohazardous materials, the current best practices and standard operating procedures used in NIST research laboratories, the laboratory design and requirements for safely handling biohazardous materials, and the training requirements for staff who perform experiments with biohazardous materials. After the initial meetings, the BWG identified the lack of formal biological safety training for new staff and students as the most immediate concern to address.
The BWG, in conjunction with personnel from the NIST Office of Safety, Health, and Environment (OSHE) who have biosafety experience, developed the "Biosafety Basics and Compliance" training module in 2009. Most staff members involved in research or working in laboratories with biohazardous materials were required to complete the training. Other important accomplishments of the group included the coordination of internal laboratory tours to highlight best biological safety practices across NIST, completion of a NIST-wide inventory and certification of biological safety cabinets, development of a protocol for converting a general purpose laboratory to a biological research laboratory, coordination of biological safety training for supervisors, and the proposal to form an Institutional Biosafety Committee (IBC) at NIST. A major accomplishment of the BWG, however, was the generation of biological safety awareness for both NIST staff and management, which led to the institutional decision to hire a dedicated Biological Safety Officer (BSO) in 2011 to formalize the biological safety program and to ensure compliance with applicable biological safety regulations and guidelines. The Office of Workforce Management at NIST was responsible for posting the BSO opening and for the initial selection of qualified candidates for phone and onsite interviews. The initial selection criteria were based on education, biological safety experience (Certified Biological Safety Professional credential preferred), and answers to a biological safetyrelated questionnaire. Stakeholders including members of the BWG were involved in the initial screening of candidates, interviews, and the final selection of the BSO.
The first major task for the BSO was the development of the Biosafety Program Requirements Document since the existing NIST HSI for biosafety lacked details and depth and needed to be updated. The Biosafety Program Requirements Document was benchmarked with several other academic biosafety programs and the BMBL. The document provides definitions for biohazardous materials, risk groups, and biosafety levels (DHHS, 2009; WHO, 2004) , and details program requirements (Table 1) . The Biosafety Program Requirements document was reviewed and approved by the BWG, the Chief Safety Officer at NIST, the Executive Safety Committee at NIST, and all interested NIST staff. The development and approval process took 7 months to complete. In addition to the document, various tools such as an online biohazardous materials registration application, biosafety training modules, and inspection/self-assessment checklists were also developed to assist NIST staff in complying with the biosafety program and to increase staff awareness of biological hazards. 
Major Biosafety Program Requirements Registration of Biohazardous Materials
Principal Investigators (PIs) are required to register and obtain approval from the NIST IBC prior to bringing biohazardous materials onsite. The registration process evolved from a hard-copy process to an online registration. The online registration and database application were developed using the Microsoft SharePoint platform. Required fields when completing this form include the type, origin, amount, storage condition, and storage location of biohazardous materials; testing results for specific bloodborne pathogens in human-sourced materials such as cell lines and serum; experimental protocol(s); and laboratory safety policies, procedures, and controls that will be used to prevent worker exposures. Selected staff members and safety personnel have access to query the identity, type, amount, and storage location of the biohazardous materials. The registration and approval of biohazardous materials and protocols are part of a NIST-wide comprehensive hazard review process for all experiments; the hazard review process covers chemical, physical, radiological, and biological hazard assessments and controls. The comprehensive hazard review process is unique for each operating unit at NIST. The registration requirements in the Biosafety Program Requirements document were implemented in 2012. The number of microbiological agents/biohazardous materials that have been registered has increased from 55 to 181 between 2009 and 2013.
Biosafety Training
Employee training is an essential component of laboratory safety programs (Sewell, 1995) . The NIST Biosafety Program emphasizes the importance of training by providing employees with foundational knowledge in biological safety, followed by experiential training in BSL-2 laborato-ry practices. Knowledge-based training modules were also designed specifically for supervisory personnel. The training requirements in the Biosafety Program Requirements document were implemented in 2012. The number of NIST staff who have received biosafety training between 2009 and 2013 is documented in Table 2 .
Knowledge-based Training: Several custom-made training modules were developed, including fundamentals of biosafety, bloodborne pathogens/human specimens, and zoonoses. The zoonoses module was created specifically for NIST staff members who work with marine mammal specimens at the Hollings Marine Laboratory in Charleston, South Carolina. Modules are available via instructor-led training or online sessions. The module "Fundamentals of Biosafety Training" is required upon hire at NIST for personnel who work with biohazardous materials in the laboratory, and refresher training is required every 2 years thereafter. Bloodborne pathogens training is required upon hire at NIST for personnel who may be exposed to human blood or other potentially infectious materials as defined by OSHA; refresher training is required annually thereafter. Trainees are required to pass a quiz at the end of each module.
Experiential Training: In addition to the knowledgebased biosafety training, NIST staff who work in BSL-2 laboratories are required to participate in experiential training focused on standard microbiological practices, including proper setup and techniques while working inside a biological safety cabinet, spill cleanup, waste handling, and proper hand washing. Training materials were designed from BSL-2 criteria outlined in the BMBL (DHHS, 2009) and from materials provided by the Laboratory Biosafety Training Program at Galveston National Laboratory, National Biocontainment Training Center (Galveston National Laboratory, 2012) .
Supervisor Training: Due to the diverse biological research at NIST, several custom-made knowledge-based training modules were developed for supervisory personnel. Training modules include NIST biosafety program requirements, biosafety regulations, risk assessment, basics of microbiology and recombinant DNA, human specimens, disinfection, and BSL-2 biological containment. Supervisory personnel can tailor their training program by choosing at least one training module to complete based upon the research areas in their laboratories.
Laboratory Inspection
An annual inspection of all NIST biological laboratories is performed by the BSO using an inspection checklist
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General Biosafety Requirements
• Table 1 Key requirements of the NIST Biosafety Program Requirements document.
that is also available to NIST laboratory personnel. The checklist focuses on specific facility design requirements and proper laboratory techniques. The checklist is based on BSL-1 and BSL-2 criteria outlined in the BMBL (DHHS, 2009 ) and the World Health Organization Laboratory Biosafety Manual (WHO, 2004) .
Assessment of the Biosafety Program
The BSO is required to audit the program requirements document and all associated tools annually using a NISTdeveloped biosafety program manager self-assessment checklist to ensure that the program has the latest regulatory standards, guidelines, and acceptable practices. PIs using biological materials in their laboratories are also required to perform annual audits of their laboratories and personnel training records to ensure compliance with the biosafety program requirements.
Summary
Through a combination of staff concern and support from management, a dynamic and functional biological safety program has been established at NIST. Since NIST staff were involved in the development of the program from the beginning, support from the entire organization has been possible. Key elements of the new biological safety program include the appointment of a dedicated BSO, as well as requirements for training, registration of biohazardous materials, inspections of biological laboratories, and audits of the program to ensure continued compliance with relevant biological safety regulations. The creation of the biological safety program at NIST can serve as a model for future safety program development at NIST and at other institutions considering new types of research. 
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